Intracranial chondromas are rare, benign cartilaginous tumours that account for < 0.3% of primary intracranial tumours. They usually originate from the basal synchondrosis and are extradural though, extremely rarely, they can be intracerebral. Here the case of a 45-year old female is presented with a solitary intracerebral chondroma located in the right frontal lobe with no meningeal attachment. The epidemiology, aetiology, clinical behaviour, radiological features, histological features and treatment of the case are discussed with a review of previous cases reported in the literature.
Introduction
Intracranial chondromas are benign slowgrowing tumours, first reported by Hirschfeld in 1851. 1 -3 Compared with chondromas that arise in the long bones or pelvis, intracranial chondromas are very rare, with an estimated incidence of 0.2 -0.3% of primary intracranial tumours. 4 Intracranial chondromas usually occur in the spheno-ethmoid region at the base of the skull. However, approximately 15 -30% of intracranial chondromas do not arise from the base of the skull but, rather, are intradural, for example they arise in the ventricles, 5 choroid plexus 6 or convexity in contact with the dura mater or falx cerebri. 7 In extremely rare instances, intracranial chondromas are located in the brain parenchyma and have no attachment to the dura mater or falx cerebri. 8 To the best of our knowledge, only four cases of intracerebral chondromas without attachment to the dura mater or falx cerebri that originated from within the cerebrum have been reported in the literature. 8 -11 Here the case is presented of a solitary intracerebral chondroma located in the right frontal lobe with no meningeal attachment in a 45-year old female. The epidemiology, aetiology, clinical behaviour, radiological features, histological features and treatment of the case are discussed within the context of the previously reported literature.
Case report
A 45-year old Chinese female was referred to the Department of Neurosurgery, The First Affiliated Hospital, College of Medicine, Zhejiang University from a local hospital for Solitary intracerebral chondroma without meningeal attachment further diagnosis and treatment after being diagnosed with a space-occupying lesion in the right frontal lobe. The patient had presented with an 18-year history of intermittent headache, especially in the frontoparietal region. In the year before admission, she complained of aggravation of the headache accompanied by dizziness and visual blurring. On admission, the clinical examination revealed mild visual blurring although other neurological examinations were entirely normal. Her other medical history and a physical examination were unremarkable.
An axial computed tomography (CT) scan of the brain showed a solitary, well circumscribed, hyperdense mass with homogeneous calcification in the right frontal lobe (Fig. 1A ). In the bone window, the calcification was adjacent to but had no relationship with the frontal bone ( Fig. 1B) . The tumour did not enhance with contrast agent (Fig. 1C ). The diameter of the tumour was about 2.0 cm and there was no evident perifocal oedema.
Magnetic resonance imaging (MRI) using a 3.0 T MRI scanner demonstrated the presence of a well-delineated tumour located in the right frontal lobe. The mass was mildly hypointense on T1-weighted images and iso-to hyperintense on T2-weighted images (Figs 2A, 2B ). After administration of meglumine gadopentetate, slight heterogeneous enhancement was seen (Fig. 2C ).
The lesion was approached via a right frontoparietal craniotomy. Intraoperatively, the mass was extra-axial, embedded in a sulcus and located directly beneath the dura and arachnoidea. However, there was no firm attachment to the dura and the arachnoid membrane was completely intact, separating the surface of the chondroma from the dura. The tumour was easily isolated from the underlying brain and totally removed. There was no evidence of invasive growth. The patient tolerated the procedure well and the post-operative course was uneventful. A CT scan 2 weeks after the operation showed no evidence of the tumour. The final follow-up was 12 months after the operation and the MRI scan at this time revealed no residual tumour or recurrence.
Macroscopically, the tumour was approximately 2.5 × 2.0 × 3.0 cm in size, firm and greyish-white, cauliflower-like, in appearance. Microscopic examination of the specimen showed that the tumour consisted of lobules of mature hyaline cartilage. Except for some normal brain tissue around the specimen, neither mitosis nor pleomorphism was found in the cartilaginous matrix. These findings were compatible with the diagnosis of a mature chondroma ( Fig. 3 ).
Discussion
Intracranial chondromas are rare lesions that usually present as a solitary mass, although sometimes they can be part of systemic chondromatoses, such as in Ollier disease and Mafucci syndrome. 12, 13 The most commonly described location of intracranial chondromas is intracerebral-extradural arising from the base of the skull or in the paranasal sinuses with extension into the cranial cavity, with a predilection for the spheno-ethmoid region. 1,8,14 -18 However, various authors have also described intracranial chondromas arising from the convexity dura and from the falx cerebri 1, 3, 7, 17, 19, 20 or from the choroid plexus. 6 In extremely rare instances, intracranial chondromas are located in the brain parenchyma without a direct attachment to the dura mater or falx cerebri. 8 To the best of our knowledge, only four cases of intracerebral chondromas without attachment to the dura mater or falx cerebri that originated from within the cerebrum have been reported in the literature. 8 -11 We summarize the characteristics of these cases in Table 1 , together with the fifth case reported herein. Including this current case, three cases were pure chondromas, 8, 9 one was a myxoosteochondroma, 10 and one was a chondroma that was beginning to transform into a chondrosarcoma. 11 Several theories have been proposed for the aetiopathogenesis of intracranial chondromas, but their aetiology has not yet been established firmly. Most authors agree that chondromas at the skull base arise from embryonic residues of chondrogenic cells along the baseline synchondrosis. 21, 22 However, the aetiology of lesions that arise from the convexity, choroid plexus, or cerebrum with no attachment to the basal bones is more controversial. In the literature, several speculative hypotheses have been proposed: (i) metaplasia of meningeal fibroblasts and perivascular meningeal tissue; 11, 21, 23 (ii) development from ectopic embryologic rests of cartilage cells; 1 and (iii) traumatic displacement of cartilage elements or inflammatory cartilaginous activation of fibroblasts. 3, 8 The clinical features of intracerebral chondromas are somehow similar to meningiomas, even though they appear in a younger population. 22 There is equal sex distribution with a peak incidence in the third decade for intracranial chondromas. 3, 16 Because of the slow growing nature of these tumours they have often reached a very large size at presentation. 3, 22 Patients often present with a long history of symptoms, such as headache, forgetfulness and lack of concentration due to the slow increase of intracranial pressure or hydrocephalus, and the mass effect of these tumours may also result in seizures or focal neurological deficits. 1, 8 Malignant degeneration has been reported before, especially in partially resected tumours. 16, 17 The radiological features of intracerebral chondromas are typical but not characteristic. In CT scans, intracranial chondromas appear as a mass with a variable density appearance due to different degrees of calcification with minimal to moderate contrast enhancement found at the periphery of the lesion; and the centre of the tumour may have low-density, reflecting necrosis or cystic degeneration. 3, 7, 8, 23, 24 MRI studies show a well circumscribed lesion without surrounding brain tissue oedema, that exhibits heterogeneous signal with intermediate to hypointense signal on T1weighted images and mixed hypointense and hyperintense signals on T2-weighted images;
and slight to moderate heterogeneous annular peripheral enhancement can be seen after the administration of contrast material. 3, 8, 17 Upon cerebral angiography, intracranial chondromas are found to be completely avascular lesions, which is important for the differentiation from a meningioma. 3, 17 The final diagnosis of intracranial chondroma remains a pathological one. Macroscopically, the tumour appears as a smooth, white-greyish and firm cartilaginous mass. Histological examination reveals welldifferentiated cartilaginous cells with a fibrous matrix forming lobulated structures without any evidence of atypical cells or mitotic activity. Chondromas are well demarcated tumours and do not invade surrounding structures. 7, 14, 17, 25 As a benign space-occupying lesion, complete resection is the treatment of choice, especially for intracerebral chondromas with no attachment to the base of the skull or the dura. In our case, the mass was located in the right frontal lobe with clear margins and, during the operation, there was little haemorrhage and total removal was achieved with the use of microscissors. After complete removal of the tumour, recurrence is rare and the long-term prognosis is good. 26 In conclusion, intracranial chondromas are benign tumours that rarely originate from the cerebrum. To the best of our knowledge, only four cases of intracerebral chondromas without attachment to the dura mater or falx cerebri that originated from within the cerebrum have been reported in the previous literature. The aetiology of intracranial chondromas remains unknown. The radiological features of the tumour are typical but not characteristic, therefore the definitive diagnosis remains a pathological one. Total tumour resection is the best treatment at present and the long-term prognosis is favourable.
